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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent of Zheng Lu et al. 
Patent No. 6,960,254 B2 
Issued November 1 , 2005 
Confirmation No. 5338 

For METHOD TO CONTROL THE CRYSTAL COOLING OR QUENCHING RATE BY 
MEASURING CRYSTAL SURFACE TEMPERATURE 

July 30, 2007 

REQUEST FOR EXPEDITED ISSUANCE 
OF CERTIFICATE OF CORRECTION UNDER 37 CFR 1.322 

TO THE COMMISSIONER FOR PATENTS, 

SIR: 

On studying the above-identified patent, the following errors, apparently made in 
part by applicant, and in part by the Patent and Trademark Office, were found (these 
errors are also noted on the attached form PTO-1050): 

** In column 14, claim 6, line 4, "to control to cooling" should read ~ to 
control the cooling ~. 

In column 14, claim 8, line 18 "the ingot; an" should read ~ the ingot: an ~. 

** In column 14, claim 9, line 38, "to control to cooling" should read ~ to 
control the cooling ~. 

REMARKS 

In accordance with 37 CFR 1 .322, a copy of Amendment A, dated April 21 , 
2005, and a copy of the Notice of Allowance dated June 24, 2005, are attached. 

Since the errors shown above marked with double asterisks were made by 
applicant, the $100.00 fee required under Rule 1 .323 is paid herewith. 
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We respectfully request that a certificate of correction be issued. 



Respectfully submitted. 




Richard A. Schuth, Reg. No. 47,929 

SENNIGER POWERS 

One Metropolitan Square, 16th Floor 

St. Louis, Missouri 63102 

(314) 231-5400 



RAS/dep 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

Page 1 of 1 

PATENT NO 6,960,254 
APPLICATION NO.: 10/623,967 
ISSUE DATE November 1,2005 

INVENTOR(S) Zheng Lu, Steven L. KImbel 

It is certified that an error appears or errors appear In the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 
Column 14 

Claim 6, line 4, "to control to cooling" should read - to control the cooling -. 

Claim 8, line 18 "the ingot; an" should read - the ingot: an -. 

Claim 9, line 38, "to control to cooling" should read - to control the cooling -. 



MAILING ADDRESS OF SENDER (Please do not use customer number below): 
Richard A. Schuth 
Senniger Powers 
One Metropolitan Square 
16'' Floor 

St. Louis, Missouri 63102 



This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Infomiation Officer, 
U.S. Patent and Tradema* Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 



If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Amendments to the Claims 

This listing of claims will replace all prior versions, and listings, of claims in the 
appUcation: 

Listing of Claims: 

Claim 1 (currently amended): A method for use with a crystal growing apparatus for 
optimizing a cooling rate of a monocrystalline ingot grown according to ^ a 
Czochralski process, said crystal growing apparatus having a heated crucible containing a 
semiconductor melt from which the ingot is grown, said ingot being grown on a seed 
crystal pulled from the melt, said crystal growing apparatus further having a receiving 
chamber into which the ingot is pulled, said ingot being pulled along a generally 
longitudinal path toward the receiving chamber, said method comprising: 

determining a first temperature of the ingot when the ingot is at a furst position 
along the path; 

determining a second temperature of the ingot when the ingot is at a second 
position along the path, said first and second positions being separated by a distance D 
along the path; 

determining a cooling rate of the ingot as a function of a difference between the 
first temperature and the second temperature relative to an amount of time for pulling the 
ingot the distance D; 

generating a signal representative of an error between a target cooling rate of the 
ingot and the determined cooling rate of the ingot; and 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of Lu et al. Art Unit: 1 765 

Serial No. 10/623,967 
Filed July 21, 203 

For METHOD TO MONITOR AND CONTROL THE CRYSTAL COOLING OR 
QUENCHING RATE BY MEASURING THE CRYSTAL SURFACE TEMPERATURE 

April 21, 2005 

AMENDMENT A 
TO THE COMMISSIONER OF PATENTS, 
SIR: 

In response to the non-final Office action mailed January 24, 2005, please amend 
the above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on 
page 2 of this paper. 

Remarks begin on page 1 1 of this paper. 
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adjusting one or more post-growth processing parameters as a function of the error 
signal thereby to control the cooling rate of the ingot. 

Claim 2 (original): The method of claim 1, wherein determining the first temperature 
includes measuring the first temperature of the ingot at a location along the length of the 
ingot when the ingot is at the first position and determining the second temperature 
includes measuring the second temperature of the ingot at the same location along the 
length of the ingot when the ingot is at the second position. 

Claim 3 (original): The method of claim 1 further comprising defining the target cooling 
rate from historical processing data stored in a memory. 

Claim 4 (original): The method of claim 1 further comprising defining a temperature 
model representative of an estimated temperature profile along the length of the ingot 
based on a sensed temperature when the ingot is initially pulled from the melt, and 
wherein determining the first temperature includes estimating the first temperature of the 
ingot at the location along the length of the ingot when the ingot is at the first position 
along the path from the temperature model, and wherein determining the second 
temperature includes measuring the second temperature of the ingot surface at the same 
location along the length of the ingot when the ingot is at the second position after the 
ingot is pulled the distance D along the path toward the receiving chamber. 



3 



MEMC 02-0400(3053) 
PATENT 

Claim 5 (original): The method of claim 1, wherein determining the cooling rate includes 
calculating a cooling rate Cr by the following: 

CR = (Ti-T2)/t 

where Ti is the first temperature, Ta is the second temperature, and t is the amount of 
time required for the ingot to be pulled the distance D. 

Claim 6 (original): The method of claim 1, wherein the ingot is pulled along the path 

toward the receiving chamber at a pull rate, and wherein adjusting the post growth 

processing parameter includes: 

determining a pull rate set point as a function of the error signal; and 

adjusting the pull rate according to the pull rate set point to control to cooling rate 

of the ingot. 

Claim 7 (original): The method of claim 1, wherein the crystal growing apparatus has a 
heater positioned above the melt for heating the ingot as it is pulled along the path into 
the receiving chamber, and wherein adjusting the post growth processing parameter 
includes: 

determining a heater power set point as a function of the error signal; and 
adjusting power supplied to the heater according to the heater power set point to 
control the cooling rate of the ingot. 
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Claim 8 (original): The method of claim 1, wherein adjusting the post growth processing 
parameter includes adjusting at least one of the following to control the cooling rate of 
the ingot: an argon gas flow rate; furnace pressure; heater power; and pull rate. 

Claim 9 (currently amended): A method for use with a crystal growing apparatus for 
optimizing a cooling rate of a monocrystalline ingot grown according to fee a 
Czochralski process, said crystal growing apparatus having a heated crucible containing a 
semiconductor melt from which the ingot is grown, said ingot being grown on a seed 
crystal pulled from the melt, said crystal growing apparatus further having a receiving 
chamber into which the ingot is pulled, said ingot being pulled along a generally 
longitudinal path toward the receiving chamber, said method comprising: 

measuring a temperature of the ingot at a location along the length of the ingot at 
a position along the path; 

generating a signal representative of an error between a target temperature of the 
ingot when it is at the position along the path and the measured temperature of the ingot; 
and 

adjusting one or more post growth processing parameters as a function of the 
error signal thereby to control to cooling rate of the ingot. 

Claim 10 (original): The method of claim 9 further comprising defining the target 
temperature from historical processing data stored in a memory, and wherein the target 
temperature is dependent on the position along the path at which temperature is being 
measured 
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Claim 1 1 (original): The method of claim 9, wherein adjusting the post growth 
processing parameter includes adjusting at least one of the following to control the 
cooling rate of the ingot: an argon gas flow rate; furnace pressure; heater power; and pull 
rate. 

Claim 12 (currently amended): An apparatus for use with a crystal growing apparatus for 
optimizing a cooling rate of a monocrystalline ingot grown according to ^ a 
Czochralski process, said crystal growing apparatus having a heated crucible containing a 
semiconductor melt from which the ingot is grown, said ingot being grown on a seed 
crystal pulled from the melt, said crystal growing apparatus further having a receiving 
chamber into which the ingot is pulled, said ingot being pulled along a generally 
longitudinal path toward the receiving chamber, said method comprising: 

a first temperature sensor positioned along the path of the ingot for measuring a 
first temperature of the ingot surface at a location along the length of the ingot when the 
ingot is at a first position along the path; 

a second temperature sensor positioned along the path of the ingot for measuring 
a second temperature of the ingot surface at the same location along the length of the 
ingot when the ingot is at a second position along the path, said first and second positions 
being separated by a distance D; 

a controller for generating an error signal representative of an error between a 
target cooling rate of the ingot and a calculated cooling rate of the ingot, said calculated 
cooling rate being calculated as a function of a difference between the first temperature 
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and the second temperature relative to an amount of time for pulling the ingot the 
distance D; and 

a processing component responsive to the error signal for adjusting a processing 
parameter set point as a function of the error signal to control the cooling rate of the 
ingot. 

Claim 13 (original): The apparatus of claim 12, wherein the processing component 
generates a pull rate set point as a function of the error signal, and wherein a puller motor 
is responsive to the pull rate set point generated by the processing component to adjust 
the pull rate of the ingot thereby controlling the cooling rate of the ingot. 

Claim 14 (original): The apparatus of claim 12, wherein the crystal growing apparatus 
has a heater positioned above the melt for heating the ingot as it is pulled along the path 
into the receiving chamber, and wherein the processing component generates a heater 
power set point for the power supplied to the heater as a function of the error signal, and 
wherein a power supply is responsive to the heater power set point generated by the 
processing component for adjusting the power supplied to the heater thereby controlling 
the cooling rate of the ingot. 

Claim 15 (original): The apparatus of claim 12, wherein the processing component 
generates a flow rate set point for an argon gas being introduced into the crystal growing 
apparatus as a function of the error signal, and wherein an argon flow component is 
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responsive to the flow rate set point generated by the processing component to adjust the 
flow rate of the argon gas thereby controlling the cooling rate of the ingot. 

Claim 16 (original): The apparatus of claim 12, wherein the temperature sensor is 
configured to sense a temperature of an ingot surface, and generates a temperature signal 
representative of the sensed temperature. 

Claim 17 (original): The apparatus of claim 12flirther including a central processing unit 
for processing historical processing data to identify the target cooling rate and a memory 
for storing the target cooling rate. 

Claim 18 (original):. The apparatus of claim 12, wherein an operator uses a computer 
linked to a memory to define the target cooling rate. 

Claim 19 (currently amended): An apparatus for use with a crystal growing apparatus for 
optimizing a cooling rate of a monocrystalline ingot grown according to ^ a 
Czochralski process, said crystal growing apparatus having a heated crucible containing a 
semiconductor melt from which the ingot is grown, said ingot being grown on a seed 
crystal pulled from the melt, said crystal growing apparatus further having a receiving 
chamber into which the ingot is pulled, said ingot being pulled along a generally 
longitudinal path toward the receiving chamber, said method comprising: 
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a temperature sensor positioned along the path of the ingot for measuring a 
temperature of the ingot surface at a location along the length of the ingot when the ingot 
is at a position along the path; 

a controller for generating an error signal representative of an error between a 
target temperature of the ingot when it is at the position along the path and the measured 
temperature of the ingot; and 

a processing component responsive to error signal for adjusting a processing 
parameter set point as a function of the error signal to control the cooling rate of the 
ingot. 

Claim 20 (original): The apparatus of claim 19, wherein the target temperature is defmed 
from historical processing data stored in a memory, and wherein the target temperature is 
dependent on the position along the path at which temperature is being measured 

Claim 21 (original): The apparatus of claim 19, wherein the processing component 
generates a pull rate set point as a fimction of the error signal, and wherein a puller motor 
is responsive to the pull rate set point generated by the processing component to adjust 
the pull rate of the ingot thereby controlling the cooling rate of the ingot. 

Claim 22 (original): The apparatus of claim 19, wherein the crystal growing apparatus 
has a heater positioned above the melt for heating the ingot as it is pulled along the path 
into the receiving chamber, and wherein the processing component generates a heater 
power set point for the power supplied to the heater as a function of the error signal, and 
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wherein a power supply is responsive to the heater power set point generated by the 
processing component for adjusting the power supplied to the heater thereby controlling 
the cooling rate of the ingot. 

Claim 23 (original): The apparatus of claim 19, wherein the processing component 
generates a flow rate set point for an argon gas being introduced into the crystal growing 
apparatus as a function of the error signal, and wherein an argon flow component is 
responsive to the flow rate set point generated by the processing component to adjust the 
flow rate of the argon gas thereby controlling the cooling rate of the ingot. 
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REMARKS 

Applicants have carefully considered the Examiner's remarks and have amended 
the application in light thereof. Applicants acknowledge the Examiner's indication that 
claims 2-8, 10, 11, 13-18, and 20-23 contain allowable subject matter. By this 
Amendment A, claims 1, 9, 12, and 19 have been amended. Thus, claims 1-23 are now 
pending in the application. Reconsideration of the application claims as amended and in 
view of the following remarks is respectfully requested. 

Claim Rejections based on 35 U.S.C §112 

Claims 1, 9, 12, and 19 stand rejected under 35 U.S.C § 1 12 due to insufficient 
antecedent basis for a claimed limitation. More specifically, the Examiner asserts that 
each of claims 1, 9, 12, and 19 include the limitation "Czochralski process" and that there 
is insufficiait antecedent basis for this claimed limitation. As suggested by the 
Examiner, applicants have amended each of the claims 1, 9, 12, and 19 to have proper 
antecedence by inserting the word "a" before the word "Czochralski." Applicants 
submit that independent claims 1, 9, 12, and 19 are now in compliance with 35 U.S.C § 
1 12, and, thus are in condition for allowance. 

Claim Objections 

Claims 2-8, 10, 11, 13-18, and 20-23 are objected to as being dependent upon a 
rejected base claim. However, since amended independent claims are compliance with 
35 U.S.C § 1 12, applicants submit that the remaining dependent claims are allowable for 
at least the same reasons as the claims from which they depend. 

Summary and Concluding Remarks 

For the reasons noted above, applicants respectfully submit that claims 1-23 are in 
condition for allowance and respectfully requests favorable reconsideration of this 
application. 
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The Commissioner is hereby authorized to charge any deficiency or overpayment 
of any required fee during the entire pendency of this application to Deposit Account No. 
19-1345. 



Respectfully submitted 




Robert M. Bain, Reg. No. 36,736 

SENNIGER POWERS 

One Metropolitan Square, 16th Floor 

St. Louis, Missouri 63102 

314/231-5400 



RMB/ROE/jmd 
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Application/Control Number: 10/623,967 Page 2 

Art Unit: 1722 

Allowable Subject Matter 

1 . Claims 1-23 are allowed. 

2. The following is an examiner's statement of reasons for allowance: The most 
relevant prior art of reference was that which was submitted by the applicants. 
However, they do not teach nor fairly suggest singularly or in any combination thereof a 
method for use with a crystal growing apparatus for optimizing a cooling rate of a 
monocrystalline ingot grown according to a Czochralski process, said crystal growing 
apparatus having a heated crucible containing a semiconductor melt from which the 
ingot is grown, said ingot being grown on a seed crystal pulled from the melt, said 
crystal growing apparatus having a receiving chamber into which the ingot is pulled, 
said ingot being pulled along a generally longitudinal path toward the receiving chamber 
said method comprising: determining a first temperature of the ingot when the ingot is at 
a first position along the path; determining a second temperature of the ingot when the 
ingot is at a second position along the path, said first and second positions being 
separated by a distance D along the path; determining a cooling rate of the ingot as a 
function of a difference between the first temperature and the second temperature 
relative to an amount of time for pulling the ingot the distance D; generating a signal 
representative of an error between a target cooling rate of the ingot and the determined 
cooling rate of the ingot; and adjusting one or more post-growth processing parameters 
as a function of the error signal thereby to control the cooling rate of the ingot. 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
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accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Felisa Hiteshew whose telephone number is 
(571 ) 272-1463. The examiner can normally be reached on Mondays through 
Thursdays from 4:30 AM to 3:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Benjamin Utech, can be reached on (571) 272-1137. The 
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